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FOREWORD

The accelerating acquisition of new Army equipment has increased Lhe gap
between equipment technology and human resources planning., The Combat Vehicle
Technology Program, sponsored jointly by the US Army, the US Marine Corps, and
the Defense Advanced Research Projects Agency, provided an opportunity to ex-
plore the implications for human performance in high performance weapons con-
cepts. The research reported here examined methods for bunan performancs
analysis and, specifically, driver performsnce, in an experimental tracked
vehicle, the High Mobility Agility (HIMAG) Vehicle.

This research was requested by and supported by the US Army Armor and
Engineer Board and its Combat Vehicle Technology Division. It was conducted
by the US Army Research Institute for the Behavioral and Social Sciences under
Army Projects 2Q762722A764 in FY 1979 and 2Q162717A790 in FY 1980, with the
participation and assistance of the US Army Armor and Engineer Board.

The US Army Research Institute expresses its deep appreciation for the
support given by Mr. Newell Murphy, Jr., of the US Army Engineer Waterways
Experiment Station, and by MAJ Michael J. Jones of the US Army Armor and
Engineer Board,
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HIGH MOBILITY DRIVER PERPORMANCE ANALYBIS
BRIEF

Purpose:

There is a need for better methods of estimation of personnel and training
requiremants in the early concept phsse of weapon system development., There is
also the possibility that higher mobility armor concepts now under consideration
vill impose new requirements for human rasources developssnt. This report on
the High Mobility Agility (HIMAG) Vehicle driver was prepaxed in support of the
Combat Vaehicle Technology Program's HIMAG Chassis Tests, condwected by the US
Army Armor Center and Fort Knox. It is directed toward the assessment of &
method of crew performance estimation, operational sequence/task analysis, and
the definition of special performance requirements of the high mobility tracked
vehicle driver.

Procadure:

The research was conducted in three ‘phases, which were coordinated with the
RIMAG Chassis Tests., The first phase (1977) consisted of preliminary analysis
of the HIMAG driver task, including concept development of operational sequances
and derived subtask analyses during HIMAG vehicle comstruction. The sacond
phase consisted of data collection during HIMAG driver training (1978) and the
third phase consisted of data collection during the HIMAG 20 km tests (1978 and
1979), which included comparison trials with lower horsspower per ton (HPT)
viéhicle operations, the M60AL tank and tha M1} parsonnel carrisr, Driver
speads attained in the 20 km test wers snalyzed in relation to drivar errors in
training and critical incidents (interruptions, losses of control, wrecks or
machine failures) on tha 20 lus course. Audiotape and videotaps racords of 20 km
test trials were analysad for track commandexr (TC' messages, driver errors and
mission interruptions. Extensive structured inte viewa recorded drivers' recol-
lections of operational problems and ratings of vehicle opsrations and compo~
nents.

Findings:

The preliminary analysis of driver operations was useful in identifying sub-
task ssquances snd subtasks presenting special problems in training and testing.
Error inventory data collected duving training provided insight irco subtasks
learned, high erroxr rate items, patterns of parformance improvements and omis-
sions in training. Predictions of subtask difficulty werse not confirmed by
" training or test data. -

The training and the 20 km test data supported the genaral hypothesis that
cross-country driving on the higher horsepowsr per ton (HPT) vehicles was sig-
nificantly different from the same task on the M6OAL or ML13, Higher HPT ve-
hicles achievad higher course spseds as was expected with drivers using full
throttle (accelerator depression) significantly less. Critical incidents were
more fraquent on HIMAG trisle than on other vehicles. Most of thesa incidents

vii
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involved driver errors, and of these, most involved attaining high speeds in
relation to terrain conditions as reported by TCe¢., The HIMAG critical inci~
dents attributed to machine component failures or angineering design deficien-
cles were not associated with higher speed driving, Humsn factors and engineer-
ing design deficienciee which were not resoclved in earlier development probably
limited speed and maneuver, especially on certain portions of the 20 km course.

Utiliszation of Findings:

Results will be included as part of the Combat Vehicie Technology Prograa
report on the HIMAG tests. Rasults will also be used in preparation of driver
training for higher performance tracked vehicle systems now in production.
Concept sstimation methods will be further evaluated and, possibly, included in
a procedural guide for percomnel subsystems devulopment.
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HIGH MOBILITY DRIVER PERFORMANCE ANALYSIS
SECTION I
INTRODUCTION

During the concept and early deavelopment phases of the life cycle of a
nilitary weapon system thare are many problems in the integration of human
opérators with the machine, in the davelopment of human subsystems integration
and crew performance raquirements, in tha definition of nesdad crew performances,
and in the development of crew training (Kane, 1981; Fink and Carswell, 1980),
Thase "bugs" in tha human resources development have profound implications for
longer range human rescurces planning -- for crew compsrtment and control-
display design, for crew function allocations, for operational tast data
requirements, for long range training roquirements, and for ultimate operational
effactivensass. There is considerable incantive for resolution of these person=
nel suboystem problems early in the life cycls, becauss, in many instances, they
can be resolved econemically, provided thay are addressad in an appropriate and
timely manner prior to major expenditures for tooling and production.

The US Army has institutionalized humun anginesting, task analysis and
Rew equipment training development, Howaver, there is no coherent system for
the devalopment of personnul subsystem information and no available systen for
the timely integration of this information with machine subsystem deveiopment.
The study reported here is part of a series of mathodological atudiaes of per-
formance analysis and human resourcaes integration directed toward methods and
procedures for the timely devalopment of human resources data and its integra- .
tion {nto weapons systems development. i

In the sixties Dunlap and Associates (Kurke, 1961) and the Matrix Corpow
ration (Malone, Gloss, and Ebavhard, 1967) along with the US Naval Personnel
Research Activity (USNPRA) (Wilmon, 1966, 1968) daveloped procedures for the
derivation of system and personnel requiraments using opsrational gsequenca
analysis and combinations of task analysis and oparational sequence analysis.
A racent affort by ARI involvad the application of operational sequence analy-
8is to the analysis of turret manning requirements for the ground scout
vehicle ~- the Cavalry Fighting Vehicle (Bauar and Walkush, 1976). Thase ex-
periences indicate that further refinement and.synthesis of human performance
analysis may result in mignificant cost savings in Army eystem training and
tasting development, The research work reported below was conducted coopara-
tively by ARI with thae Armored Combat Vehicle Technology Program (CVIP) at
the US Army Armor Center and Fort Knox. It should be notaed that the selection
of variables and, especially, the data collection, were constrained by fisld
test limitations and unpradictable problems in axperimental vehicle testing.
ARl was raquested to make humen factors recommendations and to interpret
personnel and training date (as were other aganciss) but did not control the
actual training, teating, variable selection, and dats collaction,

The Combat Vehicle Technology Program 1s unique in its effort to define
the parameters and state of the ar% limitations in weapons concepts bafore the




specification of the materiel requirements documents. The focus of CVIP atten-

tion has been on lidgh-performance and hlgher technology armor concepts. For

example, the ligh Mobiliry Agility (lITMAG) Vehicle Chassls test was primarily

oricented toward machine concept variabies in the HIMAG vehicle, especially

power to welght ratios and sugpensiou design in relatilon to different ter-

rains and mission demands (US Ammy Acrmor and Engineer Board, 1977). llowever, ;
a final assessment of the system capabilities would not bae adequate without i
consideration of the craw's ability to learn to control the vehicle. The C o
complete test program was planned to include fire contxol and tactical aspecta,

but the results reported here are limited to the HIMAG driver with some cone

silderation for driver = track commander interactions.

Part of the US Army Research Institute's effort to integrate human re-
sources data into the Army development cycle 1s devoted to the estimation of
human performance requirements in concept weapons and determination of new
_human resources implications of advanced technology equipment.

:
&
OVERVIEW AND OBJECTIVES o
|
4
i

The Combat Vehicle Technology Program, conducted by the US Army Armor
Center at Ft Knox, KY, under the joint spomsorship of the Defense Advanced
Rasearch Projects Agency, the US Marine Corps and the US Army, provided an
unique opportunity to aexplora the human requirements in concept high per-
formance tracked vehicle weapons prior to the definition of system develop-
ment raquirements. The general hypothesie guiding the research was that high
mobility tracked vehicle driving would be significantly different from current
experianca. Thus, the data reported here concern the high mobility tracked
vehicle driver as exemplified in the High Mobility Agllity (HIMAC) Vehicle
Chagsis Test performances.

Tha purpose of this research were:

(1) to obtain empirical data to validate tha application of operational
saquence analysis and associated task analyses (0S/TA) in concept or experi-
mental waapons vehicles;

(2) to determine the human factors, parsonnel and training problems
associataed with the development of high-gpeaed combat vehicles; and

(3) to provide support to the Combat Vehicle Technology Division in
human performance aspects of the program.

Driver requirements data were developed during construction nf the HIMAG
vehicle. Thesa were concept materials used in a preliminary analysis of driver
operations. The preliminary performance analyseis included devalopment of oper-
ational sequences and analyses of driver tasks. These wera actually complaeted
bafore delivery of the HIMAG Chassis for the beginning of training at Fort Knox.

BEmpirical data and driver interviews were obtained during HIMAG drivers'
training (1978) and during the 20 km tast (1978-1979) which includad comparative



data on lcwer horsepower per ton (HPT) vehicle (60AL and M113) performances.
These were parts of the HIMAG Chaseis Test which involved s modified hull with
automotive components, a driver, a track commander/coutrollsr, and (during
training crials) an ARI observer. No weapons were mounted on the chassis and
no gunner data were obtained in these tests.

The empirical data from training and testing were intanded to be used to
confirm, reject or correct results of the preliminary analysis, thus validating
the 0S/TA method, and additionally, to accumulate fisld trial information on
human performance in high speed tracked vahicles, Though detailed driver data
were collected during training trials, the corresponding human performance
measures were omitted from the 20 km test trials, permitting no adequate com-
parisons between training and testing. Detailed anslyses of the sudiotape and
videotape records of real time crew and vehicle performances during the 20 km
test provided scme additional insight {ato high mobility crew performancas.
However, since these rasults have not yet been adequitely replicated, the
“conclusions” to follow are largely expressed as hypotheces, to be considered
for further reviews and testing.
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SECTION 11
PRELIMINARY ANALYSIS AND METHCDS

Preliminary Analysis

During the construction of the HIMAG vehicle, Operational Saquence/Task
Analyses (0S/TAs) were developed by ARI in consultation with engineers of the
manufacturer, National Water Lift (NWL) Company, Ordnance Systems Division,
Kalamazoo, Michigan. These were designad to chart the driver operational
saquences in aselected subtasks, to clarify the interacrions (between driver
and tank communder/test controller) and to identify potential problems and
knowledge or skill requirements affecting operational success. 0S/TAs were
developed on the following driving subtasks: start, stop, pivot (or neutral
steer) turn, rough terrain driving (vertical obstacle), rough terrain driv-
ing (ditch crossing), smooth surface-leval, smooth surface-hill. (See Appen~
dix A for 05/TAs.) ‘

MWL had not previously prepared operational sequence analyses at the time
these 05/TAs were developed, some details of driver operations were not pre-
cisely known, and some questions remained unanswered until the vehicle arrived
for military driver training. However, the interchange between ARI and NWL
was mutually beneficfal in the preliminary detailing of driver operations.
Further changes were made in the driver compartment and controls after this
time. So the OS/TAs did not represent precisely the saquences required in the
HIMAG as delivered (February 1978) as precisely as in the concept vehicle
(Sepcember 1977).

Each step or combination of steps in each 0%/TA was assigned a behavioral
code adapted from USNPRA in which the first letter referred to the required ,
behavior, the second letter to the mzans (mode or device), the third letter to
display feedback and the fourth through seventh letters to GO or NO GO. The
adapted code is defined in Table 1.

The analysis of the subtasks employed a set of predictions regarding oper-
ator performances made by the principal author and derived from two sources (1)
examination of the 0S/TAs, and (2) human factors observations on the prototype
machine system (during its assembly at the plant). These Predictions Re Opera-
tor Performances are detailed in Appendix,B. These were further analyzed by
Subtask as to number and severity of prohlems and tentative remedial action
(Table 2). A further derivation from this analysis was a ranking by the same
author of predicted difficulty of subtasks for comparison with driver rangings
at completion of training. (See Table 3.)

The subtasks were also ranked iu terms of difficuity in learning and doing.
This was accomplished by analysis of percent of subtask steps requiring cogni-
tive functions, observing a time interval (waiting), comunication, and GO or
NO GO judgments. This tontent analysis yielded no differences in ranks as
compared with Table 3,




TABLE 1

CODE FOR OPERATIONAL SEQUENCE/TASK STEPS

3 letters plus [if needed G or N (i.e., GO or NO GO))

lat letter

2d latter 3d latter

Funetion/Buhavior Means Displayed or Not
A act E electronic D displayad
D decide, estimate, judge F filed N not displayed
P use, previously stored I intercom
R receive M visual-manual
S store P phone
T transmit 8 sapeech
W wait, observe time interval T touch, press

U audio-visual-kinesthetic

V visual check

4th letter, etec.

G or N = GO or NO=GO
G = GO, Yes, OK
N = NO-GO, NO, abnormal
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TABLE 2
SUBTASK PROBLEMS AND REMEDIES

Number of Severity

Subtask Problems Ratings Tentative Remedies
Start a 3 1' Control-uisplay modification-retrofit.
b 1 Training emphasis,
¢ kL Training ecphasis and, possibly, added
instrumentation--retrofit,
Stop 1 1 Training emphasis,
Neutral steer 1 2 Control-~digplay redesign-ratrofit and,

{pivot) turn
Rough terrain «
vertical obstacle
Rough terrain -
ditch

Smooth surfuce ~

level

Smooth surface -
hill

possibly, operational ssquence changes
and training emphasis.

1 3 Doctrine development and controls
redesign-retrofit.

1 3 Doctrine development and zontrols
redeaign-retrofit (similar or same
as above,

1 b Training emphasis. ,

1 3 Machine components redesign - retrofit,

*3 = post severs.
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TABLE 3

PREDICTED DIFFICULTY RANKINGS FOR COMPARISON WITH DRIVER RANKINGS
DURING AND AFTER TRAINING

1 Starting

2.5 Rough terrain--vertical obstacla
2.3 Rough terrain--~ditch crossing

l; Dovnhill driving

Pivot (neutral steer) turn

[

Smooth surface--level driving

Stopping

~3
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Instruments

Two driver datu collection forms were prepaed by ARI for parformance
evaluation during training and subsaquent testing. These were as follows:
(1) the Driver Performance Evaluation Form. & chack list error inventory on
the seven subtasks above, including a task performance rating on each subtask
to be completed by an evaluator during training and test trials; and (2) a
Vehicle Driver's Interview Form, a composite intarview, made up by the task
force interaguncy group to be administered following each relevant training/
test trial. A third form, the HIMAG Crew Oparations Questions, was a quastion-
naire developcd by ARI to elicit the drivers' post-training evaluations of
driving subtasks and opsrational problems. Two additional forms were developed
for collection of critical incident data during (and after) the 20 km test.
These were (1) a HIMAG Chassis Test Critical Incident form for completion by
the TC as soon as possible following a critical incident; and (2) a Film Re~
view Incident Raport used in crosa checkinpg by the film reviewers after com-
pletion of the tests. These were preparad jointly by ARI and USAARENBD team
members (Data forms appear in Appendix C.)

During the 20 kn tests (but not during driver training) the HIMAG vehicle
vas instrumented with position location systems, tracking systems and telemetry
instrumentation and sensors designed to permit monitoring of the machine and
its controls. The instrumentation and telemetry systems are described in de-
tail in Research Test of High Mobility/Agility Chausis by US Army Armor and
Engineer Board, Ft Ynox, KY (TRAOC Project No. 1.-ClL-7-000023-07).

The Test Driveors

Of the 14 military drivers who drove the HIMAG on the 20 km course, all
had previously received the HIMAG (familiarity) training. There ware wide
diffarences in their HIMAG experience, ranging from the minimum training exper-
ience to more than 300 km. Table 4 shows the tots distances driven by HIMAG
drivers (including the 20 km test trials). The m dian enlisted grade of the
drivers was E-5 and median age, 23, There were no significant differonces in
grade or age among M60AL, ML13 and HIMAG 20 km drivers. There ware differanccs
in M0S with M60Al drivers coming predominantly from MOS 19 (Armor Crewman),
ML13 drivers from MOS 11B (Infantryman), and HIMAG drivers from MOS 192, F, G,
J, and 11E (alil Armor or Armor reconnaigsance Crewmen).

DRIVER TRAINING DATA, PROCEDURES AND ANALYSIS

Twenty-three military drivers received training under tha direction of the
NWIL, trainer fvom 9 Murch through 29 March 1978, Each received from thrce to
seven driving trisl; (median = 4) with from 34 to 112 minutes total behind the
steer-bar (median = 69), On each trial an ARI observer rode above and hehind
the driver so that e could score error itams on the Vahicle Driver's Inventory
Form and rate overall psrformance of each subtask on successive occurrences.
One observer performed on all but a few of these trials (during which he was
relieved by one of the authors). The training consisted largely of practice

PSSR~ S ——
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TABLE 4 3‘3
DRIVER EXPERIENCE ki
e
20 XM TEST VELICLE
TRAINED- HIMAG HIMAG HIMAG
DRIVER HIMAC M60AL M13 44.5 TON 33 ToN TOTAL KM
1 . 0
Y X 37.92
3 e _ , 0
4 Y : 23,84 ~
5 Y X 45.6
6 x 0 3
7 (0 28.8 g
8 ¥ - 3 153.76 fi.fr
9 X 0 )
10 Y X 346.56 . B
11 Y . 6.72 P
12 X 0 i
13 " 11.68
14 X 0 i
15 X 0 b
16 Y : 29,28
17 Y 26.72 ﬂf]
18 Y b4 X 76.48 o
19 56.0
20 Y 15.82 |
21 X : 0 o
23 Y X 33.6 K
24 (C) 503.04 s
25 Y X 47.04 N
26 Y X 201.76
27 X 0 Ly
28 X 0,
29 Y X 23.04
30 X ‘ 0
a1 X 0
32 X 0
33 Y 26.88
3% X 0
35 X 0 3
36 (C) X 0 !
37 Y X X 98.86 ;
38 Y ' X 53.92 ;
39 (C) X X 717.92 it
41 X 0 |
42 X 0 {
43 X 0 |
44 X 0 ;
48 X 0 !
46 Y ' X 45.76 3
47 Y X 38.24 |
. 48 X . 0 !
i 49 Y * :

Y = raceived training !
(C) = USAWES or NWL civilian driver
* = not recorded ,

9
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driving exercises, with little intervention, correction or criticism by the
NWL trainer who accompanied most runs. Bach trial lasted from five minutes
to sixty minutes in length; the mean trial duration was sixteen minutes,

Of the seven subtasks which were scored, some wers not performed by all
the drivers. Only 21 of the 23 driver trainees performed a pivot turn and
most of these performed it only once. Only 11 of the 23 performed a vertical
obstacle crossing and only eight trainees performed this subtask twice. The
other five subtasks were aach performed twice or more by all of the trainess.

Mean errors among all drivers were compared on each syccessive occurrsnce
of each subtask. This calculation provided a rough learning curve for each
subtagk showing diminishing eérror meens with practice as expected. Figure 1
shows these as solid lines. As was expected, performance ratings improved
with practice resulting in inverse correlations with error scorss. Ratings
on successive occurrences are shown as dashed lines in Figure 1. Pearson
product-moment correlations were calculated on wean errors versus mean rate
ings at end of training (last two occurrences) on each subtask. Correlations
betwaen mean errora and mean performance rauings at end of training ranged
from - 0,93 to - 0.73 (all p'< L001), ‘

‘Vertical obstacle crossilig and pivét (neutral steer) turn == two subtasks
wvhich receivad little attaention in trainiag =- showsd the highest incidence of
(mean) errors overall and thu highest mean error item rates at and of training.
Error rate on approach to the vertical obstacle was' 50% (a common error was =
spproaches obliquely, fot' 90°); dnd errct' rate oh stopping the neutral steer
turn was 25% at the end'6f tralihing'(a common' arror Waé - stops by braking).
This was not entirely consistetit' with the interview reports of driver trainess,
who expressed little or no difficulty with :hcn? subtasks.

Ditch crossing and lavel driving, which were more practiced, almo showed
high error rates at end of training, arter eight or more occurrences. ''Bottom=-
ing out" or "pitching over hatrd" was the most frequent error item in ditch
croseing (26%) and "ldosas tontrol" was the most frequent erroxr item in level
dtiving (26%). Few trsineew recallad their difficulty with these subtasks,
less than 10% remembared ditéh' crossing as difficult, and less than 5% admit-
ted they had done level driving poorly immedistely after the driving trials.

Best leared subtasks (fawer arrors persisting) were starting, stopping
and (small) hill driving, and these were generally reported us easy at end of
training.

The driver's post trial interviews revealed that most felt they could °
have run the preceding trial batter. 'When queried about reasons, problems in
(1) traction (slipping, sliding), (2) power train and transmission (lack of
power), (3) visibility (muddy windshields, inadequate wipers), and (4) shock
absorption and dimping (dottoming dut or bouncing over bumps) wers most fre-
quently mentioned. Each of the four problems were mentioned by 20% of the
drivers. Also, three of the 23 drivers felt the angla of the accelerator
pedal made it difficult to keep the foot from sliding off.
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In generul, despite occasional report: of "Lottoming out" or "bouncing,"
the HIMAG ride was described as smooth (697) and relatively quiet (78%) by
end of training. Trainees used expression: such as "good ride," "better than
an M60," "swect," "'uteady," "outstanding." Nevertheless, almost one~third
(302) of the ¢river: mentioned rough ridins on romgh terrain. ALl of these
were on third or fourth trial runs by the trainec., Whether these poor ride
expériences were associated with subsystem failures is not known. Additional
trainee comments which are of less ganeral intercst, but more gpecific to
human factors of th: HIMAG iteelf, are in Appendix D.

After truining was completed, the trainees were asked to rank order the
difficulty of five nubtasks (including rouph terrain vertical obstacla and
ditch crossiny as ore). The trainees ranking corresponded only in part to the
predicted ranling of difficulty as indicatcd in Table 5. The inversions (dis-
agreements) in ranking are repressnted by tha line crossings (5). The Kendall
tau, a statistic which emphasizes agreements and disagreements in ranking, was
0,33, This correlation was not significant at p < .05, This tau of 0,33 is a
direct indication of tha proportion of agroements in rank in excess of the pro=-
portion of disagreerents in rank. Since the number of subtasks is small a
corraction for continuity was applied, resulting in a corracted tau = 0.27,

Starting, which was pradicted to be most difficult, because of the com=
plicated simultaneous hand-foot control and timing necassary, was found by the
traineas to bu least difficult., Only 5 of the 23 (22%) indicated operation of
the brake pednl during starting as a problem and most of thess marked it a
minor problem. 8ix (26%) indicated some problem in starting, primsrily in
the sinultanecus opuration of brake pedal, accelarator pedal and starter but-
ton, which wan as expected.

Reports iy obs~rvers obtained after the close of training halped to expliin
the difference betwren the prediction from preliminary analyais and the drivevs'
reports. The starting task was actually only performed in part on most occasions
by most drivers, as the engine was usually running hot from the previous run ‘when
the driver climbed aboard. Therefore, certain steps in tha starting sejuence
wera rarely actually performed by the trainee drivers.

Though stopping was predicted to he low ranking in difficulty (6th) and was
8o ragarded by the trainees (5th), it elicited the largest number of critical
commants on the questionnaire after training (from 13 of 23 or 57%). Some
trainess regarded the problam as severe or major, The pressure required to
push the brake pedal combined with the sensitivity of tha power bhrake s;sten
resulted in some sudden stops. Trainees suggugtad that the functional rela-~
tionship betwaen the braking control (pedal) force and the braking response
should be madn more nearly linear. A sampling of some of the comments follow...

"Brakes vere too hard to push therafore cauaing driver to push harder
than wh.t ha (s supposed to."

"The HIMAG is very sensitive in braking ~- perhaps with time in using
the brake one can become accustomed to the braking."

"Brakes very powerful, sensitive,"

14




TABLE 5

PREDICTED VERSUS OBTAINED RANK OF DRIVER SUBTASKS
(N = 12 TRAINERS WHO COMPLETED ALL SUBTASKS BELOW)

Subtask Predicted MR o Obtained Rank
Starting 1 6

Rough terrain vertical obatacle

or ditch 2 1'
Downhill 3 2

Pivot turn 4 T3

Level 5 4
Stopping 6 5
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SUMMARY OF DRIVER TRAINING RESULTS

Twenty-three drivers received training for the HIMAG chassia taests. The
training consisted of practice driving over rough terrain for short periods.
It was largely familiarity training with little: information on performance or
correction by the NWL trainer. Seven subtasks were scored by the ARI obierver
a8 thay occurred, but some were not performed by all drivers. Driving in
reverse, long downhill driving, and road driving were not performed by most
drivers. Less than half the drivers performed a pivot turn or a verticsl
obstacle crossing more than once. Overall psrformunce ratings on the various
subtasks did tend to rise with practice as arror scores daclined (inverse
correlations wers significant at p < .00L). BError rates tended to parsist at
a high level (26% to 50%) in aubtasks which were not extensively trained (e.g.,
pivet turn and vertical obstacla) and in certain other highly practiced sub-
teks (e.g., ditch crossing and level terrain driving).

Drivers tended to recall vehicle defects better than their own operator
faillures. When questioned after operations they most {raquently msntionad
problems in traction, transmission of power, visibility, and shock absorption
or damping.

The HIMAC ride was generally described as good, smooth and quiet. Yat )
thirty percent of the drivers mentioned rough riding on rough terzain and ,
thare wers some complaints about ''bouncing."

Controls and displays were generally regarded as asasy to use aftar the
firsc trial, with thires exceptions. (1) Brake peda) pressure and sensitivity
ware most criticized, The required hard push sometimes rasulted in a rough
sudden stop. (2) The track tension and height adjustment procedures wersa nsver
actually learned, probably because the NWL trainer was uncartain as to doctrine
or standard procedures. (3) Speedometer location forced a choice betwesn
reading or maintaining the view through the windshield; as a result, a number
of drivers reported that they never read tha speedometar,

The drivers' rank ordaering of subtask difficulty corresponded only in
part to the rank order predicted in the preliminary analysis. Starting, which
was expected to he most difficult because o tha complicated hand-foot control
and timing necessary, was found by trainees to be least difficult. Stopping
was predicted to be low in difficulty and was so regarded by trainees, but
nevartheless this subtask elicited the largest number of critical comments on
the questionnaire after training; the brake pedal forca and sensiltivity require-
mentg were criticized.

Though certain subtasks, such as starting, stopping and small hill driving
were well learned, some subtasks and part kg were neglected in training,
Most drivers felt thay could bhave done cor.. ibly better, even at the end
of treining., Track tension ai.. height adjustuunts were either never made by
trainees or made unly on specific command, Very few practicad reverse driving
or road drivi . Vertical obatacle crossing, ditch crossing, pivet turn and
lavel terrain uriving etill showed high mean error rates at the end of training.
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20 KM TEST DATA, PRUOCEDURES AND, ANALYSIS

20 «m test dat& were collected in. real time, by video.cameras trained on
the HIMAG windscreen view and.on the driver position, and supplemented by tape
secordings of the Intercom messages. In addition, forms were prepared for
recording, by the track commander (IC), of error scoras and ratings on driver
subtask performances.(corresponding to training subtask data forms), but under
the 20 km test circumstances the TC was unable to complete thesa in near real
time as planned, so thuay were no: used. Post-trigl data were collected in a
stiructured interview with the driver, conducted immediately after the trial
Ly a trained data collector (noncommissioned officer). This structured inter~
view employed the Vehicle Driver's Interview Form (VDIF). Additional post-
trial data were obtained from the TC who was instructed to report any vehicle
danage, personal injury, near accident (near-miss), accident or interruption
(including instances in which the vehicle stopped, reversed direction or left
the course) as Critical Incidents. Later review of the sudiotape and the
windscreen view videotape records showed that the TC reported critical inci-
dents included only about one third of the total, so the critical incidents

data file was significantly enlarged.. .See Appendix C for !nterviewv and data
coilection formats.

Of the twenty-three.drivera who received familiarity training on the HIMAG
only fourteen drove the HIMAG,on the Ft Knox twenty km course one or more times.
In addition, a civilian driver drova the HIMAG through the ~ourse six times.

All of these HIMAG trials were conducted in August and September 1978, There
were twenty two HIMAG trialse altogether, including the six driven by the
civilian driver. For comparison with lower horsepower per ton (HPT) ratios
twenty-two ML13 trials and twenty-six M6DAL trials were also conducted in
Auguat 1978 and September 1979. Table 6 shows the recordad trials, classified
as unfamiliar (U) or familiar (F). A femiliar trisl was driven by a driver who
had travelled over the course before and was thus tamilfar with tha course.

Drivers were routinely instructad to drive the course as fast as thay could go
without injuring anyone.

US Army Waterways Experimental Station (USAWES) technical experts classi-
fied the twenty km course into five main groups of tarrain and traction charac-
teristice as Indicated in Table 7.

The wide ranging differences in HIMAG driver driving experiance (sea

Table 4) showed no linear relationship with mean speeds achievad on the 20 km
test.

Relative speed performances were averaged by tervain grcups for each
vehicle type with unfamiliar and familiar trials distinguished (see Table 8).

Trial speeds over terrain groups were correloted positively with HPT as
expacted. The pattern which emerged was consistent, showing larger positive
correlations with course familiarity. However, this difference betwsen U and
F wag not statistically significant (see Table 9).
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TABLE 6

1978 AND 1979 TWENTY KM RECORDED TRIALS CLASSIFIED
AS UNFAMILIAR (U) OR FAMILIAR (¥)

HIMAG HIMAG
M60AL ML13 42.5 ton 33 ton Subtotals

1978 U 4 2 5 7 18

F 5__()* 3 6 (&) 4 (2 8
Subtotals 9 5 i’ 11 36
1979 U 8 8 ] 16

F 2. ) . a8 _
Subtotals 17 17 " 34

" .
Parenthasis contains number of trials by civilien drivers (4ncliuded in

the preced.ing numbserx,
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TABLE 7

GROUPS OF SIMILAR TERRAIN AND SURFACE CHARACTERISTICS
AS CLASSIFIED BY USAWES

Dascription
D?-taucn in km

Crushed gravel, relatively
6.96 (35.0)

Dirt surface, rough, up and
dowahill, soms gulch crossings
5.1 (25.7)

Dirt surface, sharp turns, a |
1.83 (9.2)

Dirt surface, vary rough up
aud down hill, some troughs
and gulch crossings

3.65 (18.4)

Code Name Tezrain Unics (inecl.)
CG Crushad Gravel 1-21, 1.01-115, 21-1

smooth, level
T Dirt Trail 22-35, 116-124, 35-22
HK Hog Hollow 36-45, 45-36

creek fording
PL  Pipe Line 46-79, 61-46
T Tank Trail 80-100

Dirt surface, soms troughs and
sloughs, deep gullies ,
2,33 (11.7)

Administrative interruptions were sliminated from the slapsed times on these segmants.
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TABLE 8

e

MEANS OF UNFAMILIAR (U) AND FAMILIAR (F) TRIAL SPEEDS OVER DIFFERENT
TERRAIN CROUPS AND ARRANGED IN ORDER OF INCHEASING HORSEPOWER
PER TON (HPT). (Adapted from data analysis by USAWES.)

Mean speeds (military drivers) . . . mph
M113

Total course
Keans 15.1 16,4 18.1 18.8 25.0 26,0 25.0 30.0

Terrain Gp M60AL . HIMAG42.5 RIMAG33
HET 15.5 21,9 32.9 43,5 :

Code v F U r o, U F v ¥ |
i

cG 22,2 22,8 2.0 2.5 374  36.2 35,46 39.6
0 2

T 18.2 19,7 21,2 21.2 27.4 32,8 29.9  35.2 !
’ {

HH 9.8 11,0 12,6 12,8 15.8  16.7 4.6  19.7
' 1

PL 10,0 11,4 13,0 13,9 185 20,1 19.4  23.6 \
T 13.9 146 17,1 18.1 20,8 21,6 21,7 26,6
: ]

|

g

)
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TABLE 9

CORRELATIONS ** BETWEEN MEAN SPEEDS AND HPT (MILITARY DRIVER TRIALS). 5
COLUMNS NOT SIGNIFICANTLY DIFFERENT (t < 1; p > 0.10)
*CORRELATION SIGNIFICANTLY DIFFERENT FROM ZERO AT p < 0,0S.

! Corrslations . . . )

ht:ﬁ: Gp g .spead with HPT v
cc 867 964 %
DT W77 4953w
. HH ' 805 «996# ‘ ;
PL /548 - .989% i
1T T .996%

| WPearsoti product-moment correlations

|
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A driver's throttle movements were recorded as evidence of his use of
available powaer. Percent of total trial time at full throttle was compared
across configurations., In general, drivers used less time at full throttle
in the higher powered HIMAG configurations, but only the diffarence between
the lighter HIMAG 33 end the Ml13 was significant [See Table 10 -- One way
ANOVA: F = 4,94, p < 0,01; Newman=Keuls q = 4,53y p < 0.05 (Winer, 1971)].

At the close of training an error score had been selected from among
alternative formulations as reasonably rapresamntative of training improvement,
It consistad of the change in mean error counts from the first two trials to
the last two tvials, minus the mean final error count: &= A% - §, -q-i-%-
e, = 2e,. This nade use of the sarlier finding that changes in é&rror lco?cl
w&ra nliociatod with the practice experience in training, and the assumption
that a low final error score may ba expected to indicate relative proficiency.
However; no significant relationships were found between error scores in train-
ing and mean trial speeds, on tha 20 km. Neither was there any significant re-
lationship between error scores and frequency (per trial) of critical incidents
on the 20 km course. Unfortunately, the TC was unable to collact the corres-
ponding error data on the 20 kam course, so these scores wera not available.

Critical incidents included all occasions of unplanned inteiruptions in
mobility or deviations from the course, and incidents of actual or potential
damage to the vehicle or injury to personnel. Analysis revealed that critical
incidents ware distributed differently on the course for diffarent vehicles,
M60AL critical incidents were distributed fairly evenly, but ML13 and HIMAG
incidents ware concentrated in Pipeline and Hog Hollow, respectively.

While Table 11 conveys soms information, it does not satisfy the minimum
limitations for application of the chi square statistic. Therefore, the table
was collapesed to increase the size of estimated expscted fraquencies to approx-
imate the required minima and expected fraquancies and adjusted residuals ware
calculated. Table 12 shows observed critical incident fraquaencies, estimated
expected frequencies and adjusted residuals for the collapsed table. The clus-
tering of ML13 critical incidents on Pipeline and the clustering of HIMAG
critical incidents in Hog Hollow suggests a difference between vehiclaes in
control characteristics. ,

Most of the driving difficulties above were inferred from content anulysis
of real-time data (audio transcripts and £ilm records) plus vehicle damage
records, and were not reported in poet-trial interviews of drivers or in 1IC
Teports. :

Crit{cal incidents also showed a differential distribution across vehicles
on analysis of unfauniliar (U) and familiar (F) triale (see Table 13).

It appears that M60Al and M113 critical incidents occurred more on unfamil-
iar (U) trials, whereas HIMAG ¢ritical incidents were scattered among both un-
familiar and familiar trials, However, Table 13 does not gccount for number of
critical incidents as a function of opportunity, which is mora obvicus in Table
l4., In this table each trial is treated as an extended opportunity for the
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TABLE 10
PERCENT OF TOTAL TRIAL TIME DRIVER OPERATING YULL THROTTLE

ey M60AL g o M13,1.9 HINAGS; 9 HIMAG, 5 o
(Al » (au; 2m) (3U; 4P (6v; 3 ‘

T . 70 65 7 46
I e 68 63 21
T % 70 46 25
' 73 aL 24
65 6
33 37
70 46
39
67

x 39 69 54.7 34,0 .
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TABLE 11

RECORDED CRITICAL INCIDENTS BY TERRAIN GROUP AND VEHICLE

Terrain Gp
Code MEOAL ML13 HIMAG  HIMAG | Totals
HPT 15,5 21.9. 32,9 45,5
G 6 2 5 2 1%
T 3 0 1 3 7
HH 4 2 11 14 3
PL 5 14 3 0 22
e 1 4 5 3 13
Totals 19 22 25 22 88
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TABLE 12
COLLAPSED TABLE OF CRITICAL INCIDENTS, SHOWING OBSERVED FREQUENCLES,
ESTIMATED EXPECTED FREQUENCIZS AND TED RESIDUALS (Hlbcmn.
$. J., 1978, pp 112-113) = 35,13; p < 0,00 *
Texrain Gp
Coda MS0AL ML13 HIMAG  HIMAG
HPT 15,8 21.9° 32,9 45,5 Totals
c6, DT, TT 10 6 11 8 k1]
7.56 8.7% 9.9 8,78
1.29 "1038 0051 -0.3‘
EH 4 2 1 14 3
6,69 7.78 6,81 7.7%
‘1037 ' -3013 2020 3022
PL 5 14 3 0 22
4.78 5,50 6.2% 5.%0
0.15 ‘.‘33 "1-78 .3012
Totals 19 22 28 22 88

“Ihe use of X here takes some liberty with the required
independence assumption, Most, but not quite all, the incidents
vithin and among callas were indcpondlnt evants, i.e., involving
different drivers and different trials. The same caveat applies
to the analysis of Table 14 following.
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TRIALS (ALL TRIALS INCLUDING CIVILIAN DRIVERS)

TABLE 13

DURING WHICGH CRITICAL INCIDENTS OCCURRED (OR DID NOT OCCUR)

M60AL Ml3 HIMAGa
u 4 ] 4 v r
Triales with
eritical ineidents 7 1 6 2 9 10
Trials without
critical incidents 5 13 4 10 1 2
12 14 10 12 10 12
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TABLE 14

CRITICAL INCIDENTS ON UNFAMILIAR AND FAMILIAR o f
TRIQ.LS A8 A FUNCTION OF TRIAL RUNS
X¢ = 19,32 (4f = 1); p < 0.001

F
b

M60AL and M113 RIMAGe
U ¥ Total b J ) i

e oo i

T
o

Number of:

Critical incidenis (o

3 10 14 n
observad '

g

N

(Zoi) 41 47

Critical incidants (01) 18.8 22.2 21,4 25,8
sxpectad

Trisl runs (a) 22 26 10 12 l
48 22
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i TABLE 15

; CRITICAL INCIDENTS ASSOCIATED WITH PRESUMED PRIME CAUSES, DRIVER ERROR,
TEST CONTROLLER ERROR, VEHICLE (COMPONENT) PAILURE OR VERY DANGEROUS TERRAIN

! HIMAG NIMAG
MA0AL ML13 43 tons 33 tons
REPORTED or no or no or no or no

SPEBED HI LO record HI 1O record HI 1O record HI LO record

DRIVER 4 14 6 13 9 1 11 3 l_
CREW : .
¢ 0 1 0 0 0 1 0 1 :
VEHICLE 0 0 1 0 4 9 6 0 {
OTHER
TERRAIN 0 0 0 0 0 1 0 1 :
TOTALS 4 13 7. 15 13 12 17 [} :
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TABLE 16

MEAN INCIDENCE (PER TRIAL) OF TC INTERCOM STATEMENTS

CLASSIFIED BY CONTINT ACROSS CONFIGURATIONS

e — e

) Msan
Trial Commands « . ¢ ¢ ¢ « o Total
Config. n +8 =~ ks Other Inf ? Uncl Masssges
M60AL 4 2,2 3.2 1,0 8.2 15.8 9.2 6.3 46.1
M3 4 1.8 3,2 0,8 4.8 10.5 0.5 0.8 22.1
HIMAG 42.5 7 3.9 7.7 0,3 6.6 11.7 4,0 1.7 38.9
HIMAG 33 9 1.9 4.1 0.3 4.0 11,7 3.4 1.6 27.0
M ov"dl ) 2.5 ‘09 5.6 12.2 ‘01 203 130‘ 3200
Legend: + s = Increasa spaed
: - 8 = §low down, .
ks = Maintain spesd or keep this speed,
Other = Miscellaneous commands not  implying speed contzol.
Inf = Providing information about the courss.
? = Question sddrassed to driver,
Uncl = Unclasesified remarks, exclamations, eté,’ .
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occurrence of critical incidents., This also provides a means of calculating
expected fraguencies (ei) on an assumption of indapendent lilkelihood within
classes of vehiclea.

Critical incidents were also associated with high or excessive speed (as
reported by the tes’ controller or extracted from the audiotape records) in
many instances, but especially on HIMAG runs (see Table 13).

Further examination of the attributad causes of the critical incidents
indicated whether driver, tast controller [who was also track commander (7C)],
vehicle components, or terrain difficulty were considered to ba prime causes,
Attributed causes wara assigned by one of the suthors on the basis of review
of audiotapes, TC reports, film reviewars' judgments and recorded machine com-
ponent failures. Most critical incidents were attributed to driver errors in
all configurations, but the experimental vehicle (HIMAG) showed more component
failures, and driver-caused critical incidents wers still predominantly asso-
clated with high spead performances.

TC intercom statements ware analyzed in an effort to dotermine whether
there were significant differences in TC behaviors on the different configura-
tions -~ behaviors which may have influenced results. Civilian driver trisle
ware excluded from content analysis of TC intercom messages. TC statements
wera classified as commands to increase speed, decrease spead, maintain spead,
or other commands. Three additional cataegories were provision,of information,
questions addressed to the driver, and "unclassified." Table 16 shows the
distribution of TC messages by content and configuration.

For the purposs of statistical analysis, Table 16 was consolidated into a
3 x 2 table (not given hers) of spesd commands, other commands, and miscallan-
sous messages, versus HIMAG configurations and other vehiclas. Anslysis (chi
square) indicated no significant differences among the clasaes o! miasages
acrosa the two configurations,

SUMMARY OF 20 KM TEST RESULTS

The failurae to find positive relationships hatwaan training measures and
20 km test performance measuras was disconcerting, but should hava been axpected
in view of data collaction decisions during testing.

Error scorcs and ratings of subtasks on the 20 km courso were dasigned to
correspond to the training measmures, but were not actually obtained during the
test trialg. 'The TCe assigned the task found that thay were unable to complete
the written forms in real time because of tha high acceleratiun environment.

In terms of the demands on both driver and TC, the very challenging 20 km test
was quite different from training., No such emphasis upon speed and maneuver
over such rough terrain was experienced in training. Thus, there were differ-
ences between measurement methods and betwaen task charactaristics obscuring
any relationship which may have been present.

TC reports of critical incidents in the 20 km teat: were alec incompletas,
presumably bacause of the rugh of evanis upon the TC. TCs generally reported
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these very shortly after completion of the trials rather than during the
runs. However, these critical incidents were exhaustively cross-checked
against audio~ and video-tape records, post trial interviews, and vehicle
damage records, so the resulting file was eventually completed and validated.

The 20 km test data Jid support the hypothesis that cross-country driving
on the higher HPT tracked vehicles was significantly different from the sama
task on lower HPT vehicles (M60AL or MIl3). Trial speeds vwers correlated
positively with HPT. Drivers achieved these higher speeds using less time
at full throttle, especially on the highes: HPT vehicle. Critical inei-
dents were associated with these higher speeds, aspacially on HIMAG runs.
Critical incidents were not only twice as frequent on HIMAG runa, but occurred
more frequently on familiar runs, whereas M60AL and ML13 eritical incidents
occurred less frequently and predominantiy on unfamiliar trials. Thus, critical
incidents, espscially those associated with speed, occurred more frequently as
the driver exploited power for speed over familisr terrain,

The divergent frequencies of critical incidents on different course seg-
ments for M60Al, Mil3 and HIMAG trials were not likely dus to chance. The
relatively large residuals in several cells indicute that the differences
inwolved more than one configuration and more than one terrain group (see
Table 12). Whereas, the hypothesis -~ that cross~country driving on the higher
HPT vehicles is significantly different from most tracked vehicle driving
experience -- can be generalized to vehicles in the RIMAC HPT and speed ranges,
the criticel incidents data for different terrain groups may be more specific
to human factors and control characteristlcs of the test vehicles. Navertheless,
the data suggest some engineering design and human factors requirements of simi-~
lar high mobility-high maneuver vehicles, '

Most of the HIMAG critical incidents {(55%, for both configurations) s
occurred in Hog Hollow (HH) which mada up only 9% of the course. This section
is characterized by sharp tums, dirt, and, often, mud surfaces. Excess spesd
driving (39%), slippery mud surfaces (39%) and some hrake failures (221) were
ascociated with these incidents. Vision limitation by mud on the windshield
was reported after two thirds (68%) of the HMIMAG trials. The obscuration of
peripheral vision may have saverely handicapped HIMAG drivers on these sharp
turna and slippery surfaces at the speede attasinable (14.6 to 19.7 mph masn
speeds in HH). Such vision limitations were never reported by Mil3 drivers.
Howevar, the ML13 drivers experienced most of their critical incidents (64%)
along the Pipeline (18% of the course including extremely rough vertical
accelerations). Here the superjor ride of the HIMAG may have given an advsn-
tage., The Ml13 incidents were attrihuted ent.rely to driver control failure
(100%), often combined with mud surfaces (64%).

While most of the HIMAG critical incidents were associated with high speed
and driver error, thare were, apparently, alro engincering design features which
contributed to loss of control or machine failures (see Appendix D). The
critical incidents in which vehicle component failure was presumed to be the
prime cause were not especially associated with high speed. For exawple, in
wet and muddy terrain, the vieibility limitations imposad on the HIMAG driver
by the inadequate windshield wagher system sevarely hampered his ;nrformance.
Under such conditions the number of critical incidents was high.
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SECTION IIL
DISCUSSION AND CONCLUSTONS

The operational sequence/tas!: analysis (0S/TA) of driver subtasks proved
useful in two waya. It provided the basic information for construction of the
subtask error inventory, and gave both the user and manufacturer some ingights
into human factore problems in driver training and operations and in HIMAG
driver station design. In another way the 0S/TA was not as accurate as ex-
pected. - The subtasks were rank ordered for predicted difficulty (in training
or execution), but this did not correspond to the order of difficulty re=
ported after training by the trainees. The disagreement wes entirely attrib-
utable to the inversion of one subtask, starting, which was predicted to be
most difficult and found by trainees to be least difficult. This disagreement
may be explained post hoc by the observation (during training) that most
drivers did not go through the entire starting ssquence on sach trial, since
they often found the engine running hot from the previous trial. 1t can ba
concluded that analysis of subtagks in forms of problem/severity extracted

reasonable predictions of subtask difficulty from operational sequence/task
analysis.

Identification of subtasks and recording of subtask occurrence during
training exercises appears to have a value separate from the analyeis and
evaluation above, For example, it 1s important to know which subtasks have "
been performed a given minimum number of times during training and by what
proportion of the trainees. Some trainees were found to have no experience in
certain subtasks, and certain other subtasks or part:tasks were sinply not
offered in training.

The driver performance srror inventories data provided not only detailed
Lknowlaedge of errors and error rates but also revealed training and learning
patterns. The driver error inventories showed more sensitivity than the
performance ratings, that is smaller variances and significant (t = 2,39,

p < .05) change from starting to ending mean scores. Changes in means of per-
formance error inventories also provided insight into the parts of subtasks
showing continued high error rates (in subtask error item analysis)., Further-
more, certain training deficiencies were apparent from the analysis of re-
peated trials, e.g., some trainees ware found to have hud little or no exper-
ience in the performance of certain driving subtasks. On subtasks which were
practiced repeatedly, there was evidence of performance improvemant over
trials. Variances in error performance among drivers were also smaller at

the end of training than at the beginning, as would be expected from training
experience. The observers' performance ratings were inversely correslated with
error scorem as expected (all subtasks p < .005), but the ratings did not show
significant performance improvement with practice.

The disagreement between predicted subtask difficulty rankings and sub=
tagk difficulties reported by drivers persisted after the 20 km tests. Driv~
ere’' reports of subtask difficulty ahowed no correspondence to tie preliminary
(to training) prsdictions or to their own erarlier (post-training) obeervations.
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Some consistencies are worth noting. Stopping, which was regarded as
relatively easy by most drivers, was admittedly poorly donue by two drivers and
elicited the most related complaints after the test, as it had after training
(i.e., complaints about braking action). Complaintse about speedometer loca=
tion persisted after the 20 km test and after training, Neutral steer turn
and ditch crossing, which showed high mean error rates at the end of training
(neutral steer turn was practiced very little) also showed a high number of
Telated complaints after the 20 km test, Starting, which was predicted to be
difficult, and probably not correctly practiced by the drivar trainaees,
elicited complaints from several drivers after the first 20 km trial of the
day. (In the start-up trial they had to perform the whole procedurs.) They
said they '"needed more training.”

Though driver errors on the 20 km course appeared to Le closely ralsted
to many critical incidents (excluding certain machine componeat fuilures), the
earlier training measures wnd training experiences wera not designed to elicit
critical incidents and high speed performance, two factors which emergad as
important in the 20 km trials. Analysis of error patterns in training showed
no apparent relationship with critical incidents or attained speeds on the 20
km course. The training, which consisted essentially of familiarity with
vehicle operations at moderate speeds in a mildly challenging environmunt, was
not directed toward the 20 km performance demand -=- relatively high speed
driving over very rough, extramely challenging terrain,

The training and 20 km teat data did support the general hypothesis that
crosg-country driving on the higher HPT wvehicles was different from the same
task on the M60AL or ML13. Twenty (20) km trial specds were correlated posi-
tively with HPT. Higher IIPT systems achieved higher trial speads with drivers
using full throttle significantly less on the highest HPT vehicle. Critical
incidants (temporary losses of control, near-misses or wrecks) were much more
fraquent (2x) on the HIMAG trials than on other vehicles. Mogt of these wera
associated with driver errors and, of thase, most involvaed relatively high
spaads in relation to terrain conditions as reported by TCs. HIMAG critical
incidents cccurrad predominantly on familiar terrain, whereas M60AlL and M113
critical incidents occurred mainly on unfamiliar terrain. Some HIMAC critical
incidents wer2 obviously associated with vehicle componet failures, and others
ware asgocimted with conditions and human factors limitations such that engineer-
ing design deficier.cies wera considered as probeble causas. Human factors and
engineering design doficiencies which werg not resolved in earlier developmant
probably limited speed and manauver, especially on certain portions of tha 20
kn courss. There was some effort to discriminate generic (high mobility tracked
vehicle) human factors problems from those human factors problems specific to
this unique experimental vahicle. Ilowever, this discrimination remains a matter
of the authors' judgmeat. The judgment is based on multiple indicators of
probable causes and an experienced speculation about components and character-
istics likely to be found in the broad class of high mobility tracked vehiclas
(see Appendix D for human factors problems regarded as specific to the RIMAG).

There 1s a more genersl problem observed in weapon system performance
measurements., Systems messureg (e.g., mean course speeds, numbar of critical
incidents) are expected to reflect operator or crew parformances, but are known
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to be influenced heavily by machine variables. Without vary special instrumenta-
tion for the purpose, it is difficult to obtain clean measures indicative of

crew performance distlnct {rom such system measures. Further research must be
addresaed to discriminating the operator or crew indices in the context of field
tests of aystems.

The following conclusions and hypotheses summarize much of the date assem-
bled here and can be gencralized to and tested against experience with other
high mobility tracked vehicles.

1. Operatisnal sequence/task analysis (0S/TA) of concept operations can be
used to identify task sequences and predict speciul task performance snd traine
ing requirements or problams. (Conclusion)

2. Error inventories derived from the 0S/TA can be used to racord training
data performance improvement. (Hypotheais)

3. High mobility tracked vehicle driver training and oparational require-
ments are significantly different from driver requiremants in currently fielded
tracked vehicles. (Conclusion)

4, High mobility driver training and assessment must include the moxe
challenging operations and measures derived from mission (test) performance
roquivements if the training is to ba criterion-related, (Conclusion)

5. Tracked vehicle orews, when so directed, will exploit horsepowsr gcr
ton (HPT) for speed and get higher spaeds on familiar terrain, (Hypothesis

6. Critical incidents associated with driver error will mostly also be
associated wich higher speed performances on ths higher mobility vehicles.
(llypothesis)

7. High spead and maneuver over challanging terrain may be limited by
human factors and engineering design deficiencies if these problams are not
resolved in earliar design davalopment (e.g., for field of viaw obscuration,
driver's display layout and controls proolems, ses Appandix D). (Conclusion)

IMPLEMENTATION WECOMMENDATIONS

Performance and training requiremeats of the high mobility driver will be
important in Army Staff decisions on characteristics of tha high agility light
waight Armor concepts to be developad for the 1990s, This report will com=
prise a part of the US Army Armor and Enginser Beurd Combat Vehicle Technology
Division report on the HIMAG Chassis Tests. It will also ba used separately
for its information on high mobility driver performances in state of the art
or high technology weapons concepts and weapon systems.

Further research on the high mobility track driver must include more data
on crew intersctions than could feasibly be captured in the HIMAG Chassis Tasts,
ineluding more data on tactical driving requirements. Measures for mission par-
formance assessmant must be selectad for ralevanca and applicability to both
training and testing., System performance measuree must be dafinad operation-
ally to reference highly probable crew parformance parametaers.
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APPENDIX B

PREDICTIONS RE OPERATOR PERFORMANCES
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APPENDIX C

DATA COLLECTION FORMS, HIMAG DRIVER

DRIVER PERFORMANCE EVALUATION FORM
VEHICLE DRIVER'S INTERVIEW FORM
HIMAG CREW OPERATIONS QUESTIONS

HIMAG CHASSIS TEST CRITICAL INCIDENT
FILM REVIEW INCIDENT REPORT
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HIMAG CHIASSIS TEST DRIVER PERFORMANCE EVALUATION FORM
Data Colloctor's Form

Driver Porformance Data

(Training, Ilit Avoidance, 15km dash)

Driver ID System Date

Chieek left hand blank if task is attuspted during trial. Place check
mark in the appropriato right hand blank for each error. Same blank may
be checked moro than once if error is repeated on same ;rhl or run,

I. START AND STOP ¢ '

A, Start (time )
Fails to FASTEN and ADJUST SAFETY BBLTS

Fails to sot GEAR in N , ] L, , o i
Fails to CENTER STEER bax — e
Pails to HOLD STARTER after press (¥ 30 sec) ) R
Fails to WAIT for engine WARM-UP (5 min)
Falls to RELBASE PARK brake ; , . \ .
CT ; ¥ 3 3 m——  —
Very Ponr Task Needs Acceptable Good . Outstanding
. Performance Improvement o Task
: Performance
B, Stop . (time )
Fails to PRESS BRAKE smoothly and HOLD ‘ | —— L
Fails to SHIFT GBAR to N . . . \ \  cm—————— %
Fails to CENTER STEER BAR ———
Fai's to IDLE DOWN engine . \ , , . ) ee——
Fails to put ON PARK brake R I
Fails to HOLD up ENGINBE FUEL SHUTOFF after switching | \
1 ) 3 S ) 7 8 5
Very Poor Task Needs Acceptable Gond Qutstanding
Performance Improvement . Task
Performance
II. DRIVING ON SMOOTH SURFACE
A, Level
Changes SPERD excessively S
BRAKES rough or too MUCH . . —
ACCELERATBS too FAST ———
OVBRSTEERS . , \ I i
STEERS WRONG way - —_—
: Loses CONTROL , , , , , , e e
1 - 3 3 ) 5 i) 7 8 9
Vory I'oor Task Noods Acceptable Good Outstanding
Porformance Improvement Task

Cc-1 ' Pexrformance
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B, Hill

Changos SPEED oxcossively
Fails to SELECT corranct GEAR ,
BRAKES rough or too MUCH
ACCHLERATES too RAST
EXCLSS SPGED
Losos CONTROL

[y ] .

1 —7 3 3 3 7 3 5
Very Poor Task Naeds Acceptadble Good Qutstanding
Porformance Improvement , Task
" Performance
C. Pivot Turn
Fails to SHIFT GBAR to N —
Falls to CENTER STEER bar = | .
Fails to turn STEBR bar FULL extent
Turns WRONG way . -
Fails to ACCELERATE slowly, Smdothly
STOPS by braking , .- . .. .
1 ) 3 ) 5 7 § 9
Very Poor ‘task Needs ' Acceptable’ Good Outstanding
Performance Improvement Task
Performance
IIT. DRIVING ON ROUGH TBRRAIN
A. Vertical obstacle croising
Approsches TOO FAST ° —_
Approaches obliquely (not 90°) . .
Uses WRONG GEAR (not 1) - —_
Fails to check/adjust HEIGHT , . —
Fails to check/adjust TBNSION e
PITCHES OVER hazrd, . . . , .
T Z 3 'y 5 7 B .
Vory Poor Task Neads Acceptable Good Qutstanding
Paexrformance Improvement : . Tasghk
! Performance
-2




B, Ditcu crossing
Approaches TOO FAST ° e st
Approaches obliqualy (not 807) . . — e
Usas WRONG GEAR (not 1) S
Fails to checlk/adjust HEIGHT | . . - cra—————
Fails to checi/odjust TENSION —————
BOTTOMS out or PITCHES GVER hard .
1 F) 3 q 5 v 8 9
Very Poor Task Noeds ) Acceptahle Good Qutstanding
Performance Improvement Task
Performance

.
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e e o e pwia s FoQULCT 120 DATE (DA/10/YR)
-u'.‘\/u LU -..'---:-.oh‘-\l-n-J h\w\du-vu 7-¢'¢V’¢23
v ::w‘:n:fbv‘;-u‘:o‘lhn:: HIMAG CiASSIH TEsT uQ'—CJVlﬂGﬁ'ﬂC:G “o
VARTOL! DRIVER'S INTERVILW FORM DATA COLLLCTOR NAME

o -
i 1 ]vmxzcm —

1 SULIAN DATEOS 06 oRIAL 0% QONFIWURATION 10 M1 COURSE 12 MANEUVER 33 .

YEVENT (e 14)
si] AsTRAINING CREW
2=0NTROLLED
§,“ ;2&‘03“ I 15 16 17 DRIVER'S LAST NAME 26 27 gopg 30
P[] 3=15 KM~ ’ "
{ {1 LaHIT AVOIDANCE YRHLonE TAEE (oo 31)
. (] 2=Mil3 BUMPER .
I oo [] 3sHIMAG NUMBER 32 b
V"55 |Did the vehicle go as fast as you wanted it to go? () 1=YES [] 2=NO
i 36 |If no, why? [] leTerrain oo rough. [] 2»Had difriculty braking.
! J 3rCouldn't see far encugh ahead, [] YsTurns in course were
' J DeCouldn't see right in front of too sharp.
) vehicle, [] 6«There was track
i (7] TmCouldn't see front corners of slippage.
venlale. [} 8=Had difficvdty steering
44 {1 9a0ther (specify)
1 43 1Did anything (else) hinder your performance during this trial?
g L) 1eNc {) 2wVegetation [] 3=Clare
4 [} beFog {]. SmDust (1, 6=Smoke
51 [] I=0ther (specify)
§ 52 Do you think you could have run this trial any better? | 1sYES |] 2=NO
1 53 |If yes, how much better? (] 2(1] 3[] 4] 5(] ,
SLIOGHTLY MUCK
- BETTER BETTER

Discribs any unusual performance, occursnce, or ﬂilureu (IF TEXT, PUNCH 1)

55 'dWnlch best describes the joits  1[] 2(] 3(] L] 501
and bumps &t the driver's seat? VERY ROUGH AVERAGE  GOOD VERY
ROUGH SMOCTH
56 [Walch best describes the vehicle 1[) 20} 3] Wl 5[]
vehicle vibration and shaking? VERY SHAKY  AVERAGE LOwW VERY
» SHAKY ' LITTLE
57 |[Which best describas the noise 1l] 201 31 L] 5T
level before moving? VERY NOISY AVERAGE QUIET VERY
t NOISY QUIET
58 |Wnich beat describes the noise L[] 21) 3t L] 51
level during tnhe triul? VERY NOISY AVERACE QUIET VIRY

NOLSY QUIED .

ATZK-AE lroo‘?r;susg C.-é ‘ AC P646.0sArmysKnun:Nav 73-12C
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59 In your wm words, how did the ride fecl? (IF TEXT, PUNCH 1)
Indicate the degree of difficulty or ease in porfomin; vhe folloving
, | vperations, .
VERY VERY
DIFFICULT DIFFICULT NEUTRAL EASY EASY,
| 60 'iuorati o of ehaft lever i[) 2;, 3(] 4] “q
6L {gent ’ 2 _al 4 ) 5|
162 | Broking 1 ] 3[) W1 Sff
'63 | sreoring i 2( 3l b 5
1 64. | Maintelning steady apesd 1 2() 3[) 39 S
65 )rwing s straight line 1 2[] 3] b 5
66 | Turni:. L e[ 3 1*} ) 3
A, LG _s:«_w il 4 P
68 | axplali the dirfi:ulties in your own words. (17 VBXT, PUNCE 1)
Did you find any of the folleving especially difficult during this trial, or
do you feel tnat you performed the task poorly?. POORLY BOTH
OK & BASY NOT DONE DIFFICULT DONE  (243)
69 Starting 0[] 111 2[] 31 41)
70 Stopoing 01 111 211 301 .
71 .wevel road march 0[] - 1{) 21] if) 4[]
72 | Hill road climb and descend 0l _ 100 21 all. al) ]
73 Terrain diteh crossing 0 i 2 3 4
74 Terrain vertical obstacle OH J.H : ZH' ;!_H 4 ‘
75 ﬁ’“ﬁf“ om: tu:n af] 11] 2!) 3] 411 |
cading speedometer oli 11] 2 Al Y
; Reading other instruments 0 1 2[1' 3 4 |
78 Turaing controls and svitches nH LH 28____,_;_“_ ___A_H__
79 Explain the dilficulties in your own words., (IF TEXT, PUNCH 1
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HIAAG CROW OPBRATIONS QUBSYTIONS

It is important to identify the operational problems in the HIMAG chassis
as ecarly as possible so that the system and the training can be improved
fer the tests. Your candid answers to the following questions will be
helpful.

1, STARTING

a. In STARTING up the HIMAG what were the mein difficulties, if any?
Please explain in your own words.

b. Rate the sbove problem(s):  Rating -
.(1) minor, (2) severe, or (3) very sevsre, major problem

¢, In STARTING up the HIMAG did any of the following present difficulties?
(Rate sach one: (0) no protlem, or (1), (2) or (3).

Rating
(1) Centering S-BAR and dropping pin into position
(1) Operating BRAKE pedal - ~
(iii) Simultaneous control of BRAKE and ACCELERATOR
pedalsalong with STARTER button and MANIFOLD HEAT
switch manipulation and timing

2. STOPPING

a., In STOPPING the HIMAG whut were the mair difficulties, if any?
Please explain in your own words.

b. Rate the above problem(s): Rating

(1) minor, (2) .severe, or (3) very severe, major problem.

. €. In STOPPING the HIMAG did operation of the BRAKE pedal present
difficulties? Rating A

Rate: (0) no problem, or (1), (2), or (3).

c-6




3. NEUTRAL STEER (PIVOT) TURN

a. In PIVOT TURN what were the main difficulties, if any?! Please
,explain in your own words.

b. Rate the above problem(s): Rating
(1) minox, (2) severe, or (3) very severe, major problem,

c. 1In PIVOT TURN was it difficult to start and/or stop turn without
‘braking (using S-bar control only)? Rating ;

Rate: (0) no problem, or (1), (2), or (3).

4. ROUGH TERRAIN-VBRTICAL OBSTACLE AND/OR DITCH CROSSING

&, In VEKTICAL OBSTACLE and/or DITCH CROSSING what were the wain
difficulties, if any? Please explain in your own words.

b. Rate the above problem(s): Rating
(1) miner, (2) severe, vi (3) very severe, major problem.

¢. 1n ROUGH TBRRAIN-VERTICAL OBSTACLE and/or DITCH CROSSING did any
of the following present difficulties?

(Rate eacih one: (0) no problem, or (1), (2) or (3))

Reting
(1) ileight/trim adjustment

(1) Track gension adjustment

L R U TR U L T W P P AV B S o T A AR
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5. SMOOTH SURFACE-LEVEL

a. In SMOOTH SURFACE-LOVEL driving what were the main difficulties,
if any? Please explain in your own words.

b. Rate the above problem(s): .  Rating

(1) minoxr (2) scvers, or (3) very severs, major problem,
c. In SMOG[I SURFACB-LEVEL driving was it difficult to steer correctly
in roverse? Rating
ate: (0) no problem, or (1), (2) or (3).

6. SMOOTH SURFACE-HILL

a. In SMOOTH SURFACB-~HILL driving what were the main difficulties, if
any? Please explain in your own words. o

b. Rate the above problem(s): Rating
(1) minor (2) severe, or (3) very sevetre, major problem.

¢. In SMOOTH SURFACE-HILL driving was it difficult to control gears,
gear changes and speeds? Rating

Rate: (0) no problem, or (1Y, (2), oF (3).

c-8
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7. Please number the foilowing in order of Aifficulti you had in
doing them correctly. Place number 1 before the subtask which
was most difficult to do correctly, number 2 befors the next most

difficult, . . . ete., using all the numbers, 1 to 6, giving 6 to : i
the easiest subtask.

Stopping
Starting

Rough Terrain « Vertical Obstacle or Diteh
Downhill Driving '

g ihdiEi g, a:—:ﬁ‘iwﬂ'v-'iim" Al

Neutral Steer (Pivot) Turn

Smooth Surface Level Driving

T A,

4 il E i 2

T3

P ]
P R
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HIMAG CHASSIS HST

Vi e
Yaiihth iy

RORE L IYE ST T

; Dou u..'“ ’ ",

i

N WA Ve S e

tﬁ.h?!rruﬁatcu e
DATA COLLECTOR NAME

_] VEHICLE

e e ‘
R TS -l !
o e

50 s en W Bt S ]

} ¥+ CULIAN DATEOS 06 qRrar 09 CONFIGURATION 10 11 COURSE 12 yuimtvea 13
:_u:. NP oee 1)
Ty AMIRAINING l
(1. D=CONTROLLED CREW ' ' =
| suaton D 816 17 pRIVER'S 1AST NAME 2627 guup
o 3el5 KX "

L ry Seld, , VEHICLE TYPE (ce 31)
: (] SwHIT AVOIDANCE (] LeMGO , '
(A, General : [] e=113 ' BUMPER

T] 3wHIMAG NIMBER 82 T

1. How:did incident occur?

2, What were crewmen doing at the time?
]

3. What was vehicle/system doing at 'the

4, "Remarks:

B, VYehicle damage or accident
1. Describe damage.

2. Was vehicle,disabled? __ Y N

¢

14, Time out of service:

time?

3. Recovery . . . VIR required? ___ Y N

‘
éc. Crew_injury

t1. Crow-position of ;njured:
;2. Jaseribe injury,

33. How suvera? Lo, b
‘ SIight Mild

i 'de Near-nmiss

‘1. Describe whnt happened.

;2. What was potentlal domage or.injury?

"5, Additionsl romarks::

L
Modcerato

L
Sovere

1
Yory scvore

FTZK-AE | s, 3859 c10

1
|
4
\
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Film Review incidont Raepert

Driver's Name ___ . Last 4

Run Date Ground Condition

Trial Number

Whate on 20ka course did the incident occur?

what wal':ﬁo driver attempting to do?

Wnat instructions had tha TC given just before tho'incidonc?

How ssrious was the incident?

1 2 3 4

5
Slight Moderate Savers,

How much did the driver's actions contribute
to the incident? :

What wers thoa; actions?

How much did the vehicle contribute to
the incident?

What did the vehicle do?

How much did the terrain contribute to
tihe incidant?

Cc-11
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RIMAG DRIVER STATION PFACTORS
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HIMAG DRIVER STATION

In this snction, engineering design features spacific to the HIMAG
vehicle ara reported. Basad upon tha author's juugments these features are
discriminated from those (in the text above) considered to ba more genaric to
a class of high speed tracked vehicles. Sume of these ars wentionad alove,
and, of course, some of these charactaristics may also bes fuund in other
deiver stations involving similar dasigns or componants,

The HIMAG ride vas generally regarded as superior to tha M6OAL or MLL3
ride. Relatively few drivers dascribed the HIMAG jolts and bumps as 'rough"
or "vary rough'" as compared with MI13 drivers. Tha HIMAG was dascribed as
less "shaky" than the M60AL or ML13. Despite occasional reports of HIMAG
"bottoming out" or "houncing" the ride was ususlly described as 'good." ...
"smooth," .., "comfortable," ... "outstanding,” ... "much batter thwn in M60."
However, there were coma complaints about shock absorption at high spseds or
over rough tarvain. :

Driver seating was not avaluated here because the exparimental seata vere
the subject of a spacial svaluation by US Army Humsu Pnginoering Laboratory.
Some of the drivers experienced seat suspension failures and some reported later
that they drove over parts of the 20 km course in a braced position abova (on
resting lightly on) the seat, a postutre posing unknown limitations upon overall
driver performunce.

Possibly the most savers limitation upon HIMAG driver performances in
the 20 km test resulted from the inadequata windshield wiper/washer opersting in
a generally wet, muddy environment. Vision limitations by mud on the windscraens
was reported after two-thirds of the trials. Most of the HIMAG critical ineil-
dents (55%) occurred on 9% of the 20 km coursa charactarizad by sharp turns and
(often) mud surfaces. (Excess spsad driving snd soma brake failurea were also
associated with some of thess incidents.) Obscuration of peripheral vision may
hava severely handicapped HIMAG drivers on these slippery mud surfaces with
sharp turns,

Aside from the field of view limitatiors dus to mud obscuration there was
only one complaint involving displays, i.s., the location of the specdometer.
About one fourth of the drivers mentioned after training axd after the 20 km
test that the speadometer locaticn required them to look away from the windscreen
so thay didn't use the speadometer. However, almost all reported that reading
the speadometer was ''done easily" after the 20 km tricls. The location -
behind tha steering gear - apparently cauged some inconvenience to which they
adjusted - in some cases (6 of 23) by not reading it.

The track tension and height adjustment controls wers used rarely and only
on the specific instruction of the NWL trainer (during training). It appacre
that doctrine or standard procedures for thase controls was not yet developed
as was predicted in the pre-training analysis. One traines mentionad that the
track tension controls wers "...very hard to get to when vehicle is moving."

D=1
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Both the brake pedal and the accelarator pedal were subjects of complaints
aftor training, More than half the drivers complainad after training (and a
somawhrt smaller numbar after 20 km test trials) about the hard pressure re-
quired on the brake padal and the "sensitive,’ "powerful" braking responss of
tha HIMAG., Comglaints suggested that the braking response should be made more
nearly linear in its relationship to control pedal force.

The accelarator angle caused some discomfort (according to more than 23%
of tha drivers) and this discomfort may have inareased after prolonged driving,
according to some incidental reports received, Soms muscle strain was involved
in keeping the foos on the accelerator (keeping from slipping off).

Por other complaints about stesring, power response and shock abserption,
08¢ Table 18 (Appandix E). o

D=2

R e T e R TS SIP U S

EN,

e e — o e st g 1 KT




e ol

-

e I R e ]

APPENDIX E

3
]
&
E
B
[
B
&
S
m

T S R TLT

S aves

e




- R
B A DRI DL L VIO SV LY. BE SV U BT U SRR R LSRR i) T TR s

SUMMARY OF DRIVER INTERVIEW DATA

The following item respunses yielded very emall subsamplas appropriate
nnly for desariptive statistical analycis. The data to follow are worthy of
exanination for relativa concurrence or treénds with tha racognition that
ditferences among vahicles are generally not statistically significant.

Selacted items from the post-txial driver interviews uxs pressnted in
Table 17. 1978 and 1979 data are merged in order to maximize the samples,
Samples ars made up of post-trial interviews, within which a few drivers
were reprenented mcece than once. Figures ars percents followed (in paren-
theses) by actual numbar of rasponsas. ,
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TABLE 17 '

-POST-TRIAL RESPONSES OF DRIVERS (PERCENT AND (NUMBER)) TO STRUCTURED INTER-
VIEW 1TEMS: 1978 AND 1979 DATA MERGED, ITEMS REQUIRING VERBAL DESCRIFTION

ARE MERELY REPOKTED AS NUMBER OF RESPONSES. (SEE TABLE 2C FOR SUMMARY OF 1
VERBAL ITEMS.)

HIMAG CHASSIS TEST 20 KM COURSE DRIVER INTERVIEW RESPONSES

megwes oz e

* CONPIGURATION
MEOAL ML o3 2 i{
n=26 ne2z n=ll n=11 : f
;
QUESTION §
' 1. Did you hove enough driving
time on th: vehicle to prepare
r you for driving the 20 kilom~
5 ater courset?
| Yes. 61.5(16) 45.5(10) 81.8(9)  81.8(9)
No response or don't know. 36.6(9) 18.2(4) 9.1Q1) 0
2, If you had sove operating time
experience on the vehicle,
could you have driven the 20
kilometer course f{aster?
Yes. 26.9(7) 59.1(13) 63.6(7) 72.7(8)
. No. 50.0(13) 22.7(5) 27.3(3)  27.3(3)
No response or don't know. 23.1(6) 18.2(4) 9.1Q1) 0




CONFIGURATION
MeoAl 113 s @ |
=26 =22 nell  nell i
QUESTION i
‘3. If you drive the course l
again, how will your driving E
time change? {
Very much faster. S 11.5(3) 0 9.1(1)  9.1¢1) |
Fastaer, 11.5(3) 31.8(7) -  27.3(3) 36.4(4) ' : h
Somewhat faster. £50.0(13)  45.5(10) 27.3(3) 27.3(3) :
No change. 23.1(6) 4.5(1) 9.,1(1) 18.2(2)
Somewhat slower. 0 0 0 9.1(1)
&lower. 0 0 0 0
Very much slower. 0 0 0 0
4, Did the vehicle go as fast as
you wanted it to go?
Yes. 15.4(4) 9.1(2) 63.6(7)  90.9(10)
No, 46.2(12) 68.2(15) 38.4(4) 9.1(1)'
No response or don't know. 38.5(10) 22.7(S) 0 0
If no, why?
Tarrain too rough? 26.9(7) 13.6(2) 9.1(1) 0
Had difficulty braking. 3.9(Q1) 13,6(2) 0 0
Couldn't see far enough ahead. 0 0 0 0
Turns in course were too sharp. O 0 0 0
Couldn't see right in front of 0 0 0 0 f
"vehicle.
Thers was track slippage. 7.7(2) 9.1(2) 9.1(1) 9.1(1)
Couldn't gee front corners of 0 '0 0 0
vehicles. ,
Had difficulty steering. 0 18.2(4) 9.1(1) 0 {
Othec. 62.3(}1) 77.3(17) 18.2(2) 0

. r-3 :



H60AL

| ne26

f QUESTION

: 5. Did anything (alsa) hinder your
perforaance during this trial?
Yes. 46,2(12)
No. 53.8(14)
Vegetution. 0
Glars. 3,9(1)

5 Fog. _ 0
Dust. 3.9(1)
Smoke. 0

’ Othr, 30.8(8)

6. Do you think you could have

run thic trial) better?
Yas. 69.2(18)
No. 23.1(6)
If yes, how much bctteté
1-81ightly bettar. 23,1(6)
2- 19.2(5)
3~ 7.7(2)
4= 3.9(L)

5-Much better. 11.5(3)

CONF1GURATION
ML13 o
n=22 n=11
45,5(10) 81.8(9)
54,5(12) 18.,2(2)
0 0

0 0

0 0

0 0

0 0
45.4(10)  72.7(8)
90.9(50) 72.7(8)
9.1(2)  27.3(3)
9.1(2) 0
31.8(7)  36.4(4)
36.4(8) 0
9.1(2)  27.3(3)
4.6(1)  18.2(2)

02
n=ll

54.5(6)
45.5(5)
0
9,1(1)
0
0
0
54.5(6)

81.8(9)
18.2(2)

18.2(2)
9.1(1)

36.4(4)

27.3(3)
9
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M6OAL  ML13 08 02 |
nw26 22 oell a=ll f£ é
QUESTION | % ;
7, Dascribe any unusual parfor- '
Wance, occurrence or failures. 38.5(10)  36,4(8) $0.9(10) 90.9¢10) ;% i
8, Which best describas the jolts '
and bumps at the driver's oo
llac? '@
Very rough. 0 G861  9.1() o
Rough, 292 3.8 0 9.1(1) P
Average, 30.0(13) 36.4(8)  36.4(4)  54,5(6)
Good., 26.9(7) 27.3(6) 27.3(3) 272.3Q3) ;
Very smooth, 7270 0 18.2(2)  9.1(1)
9, Which best describes tho ve- ' 3
hicle vibration and shaking? . ‘
Very shaky. ‘ 0 9.1(2) 0 0
Shaky, 7.7¢2) 22.7(5) 18,2(2) 0
Avarage. 69.2(18)  54.5(12) -~ 18.2(2) 45,5(5)
Low, 11.5(3) 13.6(3) 36.4(4)  54,5(6)
' Vary little. 3901 o 18,2(2) 0
10. Which best desczibes the
noise level beforas moving.
Vary nodsy. 3.901) 4.6¢1) 0 D
Noisy. 7.7(2) 27.3(6) 27.3(3) 9.1(1)
Average. 65.4(17) 364.6(12)  36.4(4) 81.8(9)
Quiet. 15.4(4) 9.1€2)  27.3(3)  9.1(1)

Very quiet. 0 4.6Q1) 0 0




QUESTION
11, Which best dascribes the noise

-level during the trial?
Very noisy.

Nodsy.

Avarage.

Quiet,

Vary quiat.

12. In your own words, how did

the ride feel?

INDICATE THE DEGREE OF DIFFICULTY

OR

SE IN PERFORMING THE FOLLOW-

ING OPERATIONS:
13, Operating of shift lever.

1“.

Very difficult,
Difficult,

Neutral,

Easy.

Very aasy.

Catting up to speed,
Very difficult.

Difficult.

"Neutral.

Easy.

Very easy.

CONFIGURATION
n=26 nm2¢ nwll
3.91)  27.3(6)  9.1(1)
15.404)  22.7(8)  27.3(3)
61.5(16) 50.0(11)  36.4(4)
1.5¢3) 0 18.2(2)
0 . 0 0
76.9(20) 100.0(22) 72.7(8)

0 0 0
3.9¢1) ,13.6(3) 0
11.5¢3) 31.8(7; 9.1(1)
53.9(14) | 36.4(8) 27.3(3)
29.2(8)  9.1(2)  36.4(4)
11.5(3) 18.2(4) 0
42,3(11) 31.8(7) 9.1(1)
15.4¢4) 27.3(6) 27.3(3)
19.2(8)  13.6(3)  .36.4(4)
0 0 0

L2
1
o

02
nell

0 .
9.1(1) -
72.7(8)
1)
9.1(1)

100.0(11)

0

0

0
45.5(5)
54.5(6)

9.1Q1)
18,2(2)
18.2(2)
36.4(4)
9.1(1)




CONPIGURATION

M60AL  M113 95 02
n=26 nw22 nell nwll
QuESTION
15, Brak;ng. ’
Very difficult. 0 9.1(2) 0 0
Difficult, 3.9(1)  13,6(3) 9.1(1) 18.2(2)
Neutral, 7.7(2)  3.8(n)  18.2(2) 0
Easy. 73U(19)  36.4(8)  45.5(5) 72.7(8) :
Very easy. : 3.9Q1) 4.6(1) 0 $.1Q1) é
E
16, Steering. L
Very difficult. 0 9.1&2) .14 0 l
Difficule, 15,60 9.1() o 18.2(2)
Neutral, 18.2(3)  36.4(8) . o 0 &
Easy. 50.013) 31.8(7)  34.5(6)  4.5(6) | |
Very sasy. 3.9(1) 9.1(2) 9.1(1) 27.3(3). |
17. Maintaining steady spead,
Very difficult, 19.2(5)  13.6(3) 0 0 g
Difficult, 23.1(6)  50.0(11) 18.2(2) 0 ;
Neutral, 11.5¢3) , 13.6(3) 0 27.3(3) g
Easy, 30.8(8)  18.2(4)  34.5(8)  54.5(6) f
Very sasy, 3.9Q0) ., o 0 18,2(2) ;

E-7




M60AL
n=26
QUESTION
18. Driving a straight line,
Very difficult. 0
Difficuls, 23.1(6)
Neutral, 1 18,40
Easy. . 46,2(12)
Very easy. 3.9(1)
19. Turning.
Very difficule, 0
] Difficult, 11.5(3)
Neutral. 7.7(2)
Easy. 69.2(18)
Vary eany. ' 0
20, General operation of vehicle.
Very difficult, 0
Difficult, 3.9¢1)
Neutzal, 26.9(7)
Easy. 33.9(14)
Very esasy. . 3.9Q1)
E-8

CONFIGURATION
M1l3 95
n=22 n=1l
9.1(2) 0
13.6(3) 0
36.4(8) 0
27.3¢6)  72.7(8)
9.1(2) 0
4,5(1) 9.1(1)
0 0
31.8(7)  36.4(4)
50.0011)  18.2(2)
9.1(2) 9.1(1)
0 0
4.5(1) 0
31.8(7) 9.1(1)
45,5(10)  63.6(7)
9.1(2) 0

02
a=ll

0
9.1(1)
9.1(1)

45.5(8)
36.4(4)

0
18.2(2)
27.3(3)

- 27.3(3)

27.3(3) °

0
9.1(1)
0
72.7(8)
18.2(2)




UESTION

21. Explain the difficulties in
your own words,

THAT YOU PERFORMED THE TASK POORLY?

22. Starting.
Don; easily.

X j Not done,

Difficult,

Poorly done,

) ‘ Both.

23. Stopping.
Dons esasily.
Not done.,
Difficult,
Poorly done.
Both,

24, Level road march,
Done sasily.
Not donas.
Difficult.

Poorly dona.

Both.

’\ . N T RN ST RPN 257577 Y R R
)

M60A1
n=26

50.0(13)

DID YOU FIND ANY OF THE FOLLOWING ESPECIALLY
DIFFICULT DURING THIS TRIAL, OR DO _YOU R

23.1(6)
7.7(2)
0
0
0

26.9(7)
3.9q1)
0
0
0

11.5(3)
3.9(L)
15.4(4)
0
0

E-9

CONFIGURATION
M113 05
n=22 n=11
72.7(16)  36.4(4)
22,7(5)  63.6(7)
9.1(2) " 36.4(4)
0 0
4.5Q1) 0
0 0
22,7(5)  72.7(8)
9.1(2) 9.1(1)
13.6¢3) 0
0 18.2(2)
0 0
22,7(5)  81.8(9)
4.5(1) 9.1(1)
18,2(4) 9.1(1)
,5(1) 0
0 0

02
n=1l1

54.5(6)

90.9(10}
0
0
9.1(1)

100.0(11).
o .
0
0
0
100.0(11)
0

0
0
0
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UESTION
25, Hill road climb and descend,

26.

27,

28,

Donia easily.

Not done.

.Difficult,

Poorly done,

Beth,

Terrain ditch crossing.
Done easily.

Not done.

Difficult,

Poorly donas.

Both,

Tarrain vertical obstacls.
Done easily.

Not done.

Difficult,

Poorly done,

Both,

Neutrsl steer turn.
Done easily.

Not done.

Difficule,

Poorly done.

Both.

M60Al
a=26

0
3.9Q1)
26.9(7)

0

0

19.2(8)
15.4(4)
0
0
0

11.5(3)
23.1(6)
0
0
0

15.4(4)
15.4(4)
3.91)

CONPIGURATION
MLL3 » o
n=22 n=1ll n=ll
.
|
27.3(6)  63.6(7) 100.0(11) g
4,501) 0 0 5
9.1(2)  36.4(4) 0
4.8(1) 0 0
0 0 0
27.3(6)  81.8(9)  90.9(10)
4.5(1) 9.1(L)  9.1¢D)
45(1) 9.1(1) 0
0 0 0
0 0 0o .
27,3(6)  90.9¢10) 90.9¢10)
451 9.1(1)  9.1(1)
4.5(1) 0 0
0 0 0
0 0 0
18.2(4)  72.7(8)  90.9(10)
18.2¢4)  9.1(1)  9.1(L)
4.5(1) 9.a(l) 0
0 9.1(1) | @
0 0 0

%



CONFIGURATION

M60AL M1l 05 02
n=26 nw22 nell  aell
QUESTION
29. Reading speedometer.
Done easily, 26.9¢7)  27,3(6) 90,9(10) 90.9(10)
Not dona. 3.9(1) 4,5Q1) 9.1(1) 9.1(1)
Difficult. 0 9.1(2) 0 0
Poorly done. 0 0 0 0
Both. 0 0 0 0
30, Reading other instrumants.
Done easily. 19.2(5) 27.3(6) $0.9(¢10) 100.0(11)
Not dons. O T2) 4.5(1) 9.1(1) 0
Difficult. ' 3.9Q1) 9.1(2) 0 0
Poorly done. 0 0 0 0
Both. 0 0 | 0 0 .
.31.Turning controls and switches.
Easily done. 26.9(7) 22.7(8) 90.9(10) 100,0(11)
| ‘Not done. ©3.9(1) . 13.6(3) 9.0@1) 0
Difficult, 0 4.5Q1) 0 0
lPoorly done., 0 0 0 0
Both. 0 0 0 0
32, Ixplain the difficulties in your
own words. 26.9(7)  18.2(4)  45.5(%)  9.1(Q1)

E-11
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7.

12,

21,

32,

TARLE 18

DRIVERS' EXPLANATIONS EXTRACTED FROM OPEN-END ITEMS IN POST-

TRIAL INTERVIEWS. NUMBERS IN PARENTHESES INDICATED NUMBER

OF DRIVERS WLTH SIMILIAR RESPONSES. ITEM NUMBERS REFER T0
QUESTIONS WHICH CALL FOR EXPLANATION IN TABLE 17, ABOVE.

Speed limitations. M60Al and MI1l3: Almost all reports cencernad inade-

quate power on uphill grades. '"Not enough power on uphill gradas.”
(5 M60AL; 11 M113)

HIMAG: Vehicla may spring over rolling bumps, "bottomed out,' "very
bouncy."” (6) Traction problems in mud, "sliding," "slipping," "sliding
too much whan making tuwns.” (6) "Side windows mudded,' "windehield
wipers do not clean fast enough.”" (5) "No power going up hills, "lack
of power" (5), "accelerator pedal at wrong angle." (3)

Hindrance to performance: M60A) and ML13: Mud, mud holes and conse-
quent visual obscuration by water and mud., (5 M60AL, 12 ML13)

HIMAGT "mud" (1), '"Mud on windshield" or "mud on window." (18)

Unusual parformanca, occurrence or failures, M60Al: Staering looss (1),
steering pull to the zight. (1) MI13: Lateral(s) out of adjustment. (2)

HIMAG: Gas pedal position, wrong angle, foot slides off. (7) Windshield
cleaning system could not clean away mud, fisld of view partially obscured
(6). 'lost power, felt drag (5). Bouncing, bump, springy ride. (3)

Feel of ride. M60Al: "Average' or "OK" (6); "Fairly smooth" to "very
good." (7) ML13: "Average" to "very comfortable," "pretty good." (9)
HIMAG: "Smooth," “quiet," "good ride," "comfortable,”" "outstanding,"
"much better than in M60." (32) Shock absorption - "rough at high speeds,”
"vary rough over rough terrain." (6)

Explanation of difficulties in nparation. M80Al: '"hard getting spead up
hills." (2) Steering "slack, vehinle Asrted," (1) "Difficulty (etearing)
increased as speed incrassad." (1) M113: '"not enough power, too many
hille." (6) "Track drifta to right," "pulls to right." (J)

HIMAG: Braking - "too sensitive," (3) "Need more time to adjust to
brakes." (1) Maintaining steady spead - "loss of powsr." (3) "Loss of
powar and this causad a loss of control." (1) "Can't get up to speed."
(L '

Explanation of difficulties in driver subtasks. Ml13: Lack of power =
“"on hills and top spead," '"not enough power.'" (2) '"Speedometar and other
instruments reading necessitates taking eyes completely off road for a
faw seconds." (1) :

HIMAG: ''Brakes too sensitive; neaded more training" (stopping). (7) .
Reading spesdometer - "Did not read speedonater; needs to be relocated.
(6) Neutral stear turn - 'Would not ateer,” "loss of power," "morc.Crlin-
ing neadad." (3) Ditch crossing - "Bottomad out," "slid sidaeways,"

"ytuck in ditch," "neoded more power.' (3) Starting ~ "needsd more train-
ing" (3, all threa on first trial of the day).
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